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MAREX TR EWEBFERWFMBER AT MR E NN EES. BN T E DT
B aR AEEaRBS, oM &% FaRP s EEE M B FnEL,
AR E R KRB A AR KN ER P AR BB RMEE LK
W AR AT, HEAUE R ORIWMIETHB RIS, XA RE L& Ex
RBRABTH—FoF. EREW, SRERAHE R MR TR AL L6 ¢/L 5o 8 H 30 4
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WL KA S FR T L N\ A T AT ¥ K 7=l F T
R R RN TR M. X R rmE
BT E R TSGR AR
P EEEEASY D EREY . 4
B SRR K R S, X
BRBE T —RI R, BE TR MY & T
BEATMER A A R G ] AN A T TR LB R
ATEERE A R FH T RN ED
CoRR T AT ER . b, AMERsS
ol R TR 400 okl 4 P A 0 ol A o A R — T
FIBEFETT IR ™ ™, AR BESESE (Porphyra yesoensis)
LI ISR E RN — T a i, BF &
B AHE™ BN T EE RS RE, 2
SHEYME S B B AT, R
07, H BT R A R ESE X R K
Ml P AEE

AR AR RSN &, B AT R
B3 K v i £ W ) B YA B (Amphidinium
hoefleri) K FC LI B ( Karenia mikimitoi) YR &
258 ( Skeletonema costatum ) F1 35 7 75 11 B
( Alexandrium tamarense) 5 4 Fi B A KK
R, F TR AW R B AR A
HBESEA HUEA| R ARPEE R T8, PR3k
P T 0 5 o R B ) 410 RO ko TE T
B A R S R R A0 M AR AR, R R A
HIBs, ot BARN TSR . EHREAEHS
A FARFR AL, HE— 2P BT BN R KA
VLB AR RN 4 MR M EBEAE K TN, &
G R A G B LR S ERFNE T BOR R BB
T, R FITVROHR 53 T8 B AT BV ) 4R B HEA T 43
B, A B AR AT R SR B P X B 1 B K Bl
B I P LSRR I AR B R A R AE
AR Rt — P B S AR B S B ) M 1R A 5
B B AMPELEAKIE

1 MRS

1.1 X
ATTARE . R CBLIE B8 B B8 W7 Dy 1l KA
E&BELER AT EEEERE 83— 5
SBAE RN E REEEA M THRIRF
1,78 £/2 3 gE BRI (20 £0.1)
T, 6o 40 pmol/ (m*+s) , ¥EhE 1 12: 12,
FUHERKH TH R AR ERFHEE I,

FABKATHESS , R AP AR REHRAR
EVER AL, FE K WK BEE 3 ~ 4 Ik, 57
T2 dmEEp, RE@E3 1) T OLRGEES3
000 Ix, YEIE H: 8: 16,

KRV K @] AR AT 300 BIfA IR, &
Wh B B v E B ( Whatman GE/C,0. 22
pm FLFR) IR 5, 8 pH FIE AT £ 8.5
30 25 R (A 30328 Fr v K ¥4 _EALHE) o
1.2 #BEEEKFEMERIEE

PSR AR 40 g, I PR AR K TR EE Y
¥, KBEBKE L 3 1,15 50 mL KE R
W, RN 800 g FW/L(TRE) . W AW fdth
SRV T K B AR R, KU AT 300k 58 438 4 30
2.4.8.16 132 g FW/L MR M, 5 RES
R SL B WA 1000 mL, b iRS:I M 1%
/2 SFEEmMEREEH.
1.3 EHEZES HEANRIUNEE

FHEAMEERTERATES TR GBHR
#iEy 0.3 mm TR, FREL 250 g T#y, 40 50
g B T 500 mL #E3ERH, 3F 29N A 400 mL 7y
ek EA 2RI NP R, EEEER
RI2 hj, BRI RAETRE ,FFH 0.22 pm
ARG LR Y. 40 TTFHREBREZEN,
FATRE  HE RS, H ZF R (DMSO)
ERZE 10 mL, {15 5 Mk E R 5000 g DW/L
(THE)MWIERSE®R. ELEAET, BkERE
0.22 pm B H RIBERLBEY, T 4 CHHAR
Ho
1.4 EMEXRERIWHEES S

BT, B E T WEE R R A &K
B, T HA LR RN SR EHE
MRS BS54 HA B G , BT
B . T 90% TERKYEHOR HAs %, A A T Bk
B3R BERETEIAEBHEEE. ERH
40 CTHEBEHEG, MAEERBAERE
BAREIMAZ B ZBEZEHL 3 WK, W EA T8 5
LBIEMABRE., B, MAGEETEER3
W B EZET 4 A48 B IE T BEAH R B KR
Ho 4108 2/ T a2 DMSO §1 &
T4 CrAf&H.
1.5 #lEsty

Fo PR R R B AR I AR %
B 150 mL 236 AT 250 mL $ETEHAPY, (A B,
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Ve F K Bedl Y £/2 B AR I, g1
IR ES TEE. B A KHEMENE
TEFP FHEIEMA, Br e SRR BE T
B 1L AR R LIS BEAKR S 9 % 10" cells/mL
13 x 10* cells/mL. 9 x 10* cells/mL #1 8 x 10*
cells/mL" (4 Fi i fBcl A 4 8 B BO B 2 2 4R
P SCHRIT IR AR R AR B T RE R B B E ) .
HEIEMACE T GXZ -260B & Yt M B 55 46 Py £
3£ 12 K, IR 20 T, £ IBIR A 3 000 Ix, Y6HE H. 8
112, HHEREEEEHE 3 W, BR—H R L
mL, B Lugol [GiRFI[F 2 /5, 4 40 % 5 ; 3F
B, B e & — RS A 1 mL 150 45 £/
2 W dk, AR S A TRIE 2 (In R B1HE
B, R R AR AR .

FHEFES HEMBERG O FEMNRA
KRR M s EE I 5 FA LA RR R
Yixs 4 PpARTRTRERAE R RN, £/2 3EFREFm
A1 5% BB B F 4R (90 mm) , 7EFARA, 4
30 mm [EJERACH (2 BRI 4
TR, THK .0 E &Y,
[, AN 4 6] R 3 B9 DMSO A xR, &1
BHRMZE 3 NEE. BEFNEE FEEL
FURFFE SR, 24 h o WECHD B B g 1/ (4
HERNATEHE £ FEFR) o

FBE R K T B AR By &9 0 3R AF R HH
FE LR HU 1Y DMSO ¥ H K R K i e, A ok
RBEST A 1.2.4.8 Fi1 16 ¢ DW/L S28 % 1 000
mL, RS RE 2 A FINEREEG, 5
FIFEE 150 mL % 250 mL 4B M. FE, T
T imAE R R DMSO By 37 i ¥ kK B 9 £/2 3%
FENNRA, G PR E 3 MEE A TSR
AR AR R B R AR . sk, BB 12
KMERARMNZRE EHEMNEHSE IR
PRI ROFn e B 430 B A B A/, T
TR AH (B 10 x40) RIS ER R A o

FHERATVTERBGHRES SHA R
1R BAAEAW AR 50 mL, G £2 3%
e B I BRI A B R Y 4 R
W AR, AIEREN 16 /L, JFRERMAAR

1 FH DMSO 1ty Fr &6 % A Bo il 19 £/2 3By wd
WA, BMEERRES MNEE., BEBHET
R RIS R TSR 12 4, B A E L,
1.6 REAMERERFNE

HE¥ 3ok K B S 000 x g B0 15
min, Fk EHFR, A 9% BE,4 THE 24 h,
B0 S, W% W 630 nm, 645 nm A 665 nm
W, BRocEk (28 T EM RS2 (LI
FEEHE, me/g) .

FbHA S iem g 15 mL #¥#§ 2 000
BT EL 10 min, FE EFHR. #iRT
—-20 TR 3 IR)5, ImA 3 mL PBS( BB,
TR R SR S IR, B
0> 10 min, F¥EWERSCER[29 |0 E WA &R
HEMEZESE(UARTERE mg/g) .

1.7 ¥E\ELLE

SRR R AT SPSS 11. 5 SR Elt fr ot Sr A
Rt tT, P <0. 05 AR EHER, P<
0.01 5 BEHZR,

EAEKIHFE,I=( 1 -NN,) x100%,
L, N oAb BT R N, X IR B
HEE,

2 iR

2.1 FBEEFOKE MR 4 MAERMEE
KHIR M

BRI (16 7182 ¢/L) B SRFERSCKIEH
THIRMEAR B & (P <0.05) I 4 FpaF i B9 2
K(E 1), 512 X,32 g/L AREEIK MR
RO VA B R LB P AR A BN Y B
LR ¥ Ay A 3 A 38 0 3 9 79. 4% 5. 8%
58.1% 1 48. 5% . £5H KW, R BRSO K P
FHEA REIN R 4 i SBT3 R
[t , M ARPERSOKIF R R N 2 g/L fl 4
/L B, FEX RS Aok R e B R I
oA RN (P <0. 05 ) 5 ThT 7 BE L i 4 %
PSSR P PR SR O o R B AR B F O L
KRBT IR BRI (P >0.05)
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Fig.1 Effects of aqueous extracts from P. yezoensis on the growth of the four species of red tide microalgae
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A — RS , BB R R T
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B, AT, X2 E N 5 FEHli s R
SR REY AR RS B AR,
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WD KEMIHIE RS, X5 LR &BRERKE
PRI R SRR AL

2.3 FMEFFERERDX 4 HFHMEER
IR

FRPEESE TR BT 4 Fhas M B 9 2k
EMHIEE(P <0.05) BRAEEZ(HE3) .,
16 g/L B, F R R PR AT B R R EE
el B 4R R AN S B I 1L R A A B2
A 70.5% .79.9% 67. 1% F165.1% . [F,iE
ZH1 ¢/L FEHRRUA RE AR RELE SR
AR ARBU R HEAR T, 7250 12 KW AR R B4 b
HEH B0 41 O P W T R RLAH O 4 M (P >
0.05) , X5 B4R,

B (K 2) R0, AR REHBEIR
YRFHBAMETE M, W SRR Tk,
H—BHE T R ERT R 4 LK
TRBRAEAS T o R T W 42 R R A0 M B TS
HRERT R IRRYIERRE R AL Al
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Fig.2 Effects of extracts with five solvents from P. yezoensis dry powder on the growth of
the four species of red tide microalgae
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Fig.3 Effects of methanol extracts of P. yezoensis dry powder on the growth of
the four species of red tide microalgae
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BAREENDE I J77 1 KBRS 3 Fob 2 0 S 3R 1y 2
Rt (1 4) , T %ok Rl ¥ BE 2 R JE 2 0 B R R
Bar 4 RIER, TRRER S 3 M s s %
0 H B2 %Bﬂﬁ@ﬁ@?ﬁ%&%%% I

HEgH R I R, BBl R Mg, [
L2 1 %A,4 o/L BB IUYIE R 0L 3 Fh i
(RUMEBRERSL) A H AR 8. (P <0.05) /),

4 FUEFEEREI 3 Fh o8R0 R A R
a FHRAMA; b MAFERRAIE ; 1. kT 2. PAFEAE,; 8. B EHDIKE.
Fig.4 Effects of methanol extracts of P. yezoensis dry powder on morphology of

the three species of red tide microalgae

a. control; b. tested group added methanol extracts of P. yemensis; 1. K mikimitor; 2. S. costatum ; 3. A. tamarense.

F 1 RVEF PR3 R BRE A RERARE
Tab.1 Effect of methanol extracts of P. yezoensis dry powder on cell volume of
the three species of red tide microalgae

FWH b 328 10w ht S SR B A
test groups K mikimitol S. costatum A. tamarense
1R control (13.18 £1.55) x (13.00 £1.31) (11.88=20.99) x(11.88 £1.41) (11.50 £0.93) x(11.63 £1.06)
PR

methanol extracts of
P. yemensis dry powder

(7.63 +2.32) % (7.63 +2.32)

(7.88=1.60) x (8.50 =2.31)

(9.50 0.53) x (8.75 +0.53)

. FhEURATYE £ &,
Notes ; The data are presented ad means = SD (n=3).

4 PSR B I B R R TR H
BUMERE - BIF A B AR T B R
RIEZ IR (1 5) o TR SR s A P i R 2l i
SR AR AR LR R B RN TG B3 (P <0. 05) B
fif. SARAM L, LB HUY % O 16 g/L
B4 PP RN R R T BEMNRT 47% ~

S O
—
b

o e o

0 1

01 2 48 16
W/ g/

methanol extracts concentration
of P.yezoensIs dry powder

BAR TR/ (hg/g)
proteins contents

HEREE SR/ (ng/g)
chlorophyll contents

60% ; ARFEFEK TRERBY T HE S EH AL
B B RN -5 X R 2K B B9 RN 25D, B
P AR U I BT B30 o, 4 PR 40 B Py 7T
BUHEEORMEHESENHRA (P <0.05) 5
A

c w & N &

il
8 16

R
WA/ (/L)

methanol extracls concentlralion
of P.yezoensis dry powder

4 8 16
BRI/ (g/1)

meLhanol extracls concenlralion
of P, yezoensis dry powder

TSR/ (ng/g)

polysaccharides contents

O WY oK LG o R A e PTG L A

O Amphidinium hoefleri

8 Karenia mikinitoi

0 Skeletonema costatum ®Alexandrium tamarense

5 HFMARFERESXM4MFRNENEE. . EARNZES SN0
Fig.5 Effects of methanol extracts of P. yezoensis dry powder on the contents of chlorophyll,

proteins and polysaccharides of the four species of red tide microalgae
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2.4 FHREREEIWHBRERSBHUI 4
7R R £ KRR

TE bR Sc e Bl b KK LA BE. LR S
BERIIE T W NI ), SRR 0 B2 — A
DEAREENFEERY (K 6 ik 2) 4R
=, OMBHEMOROEHEIEYYERE (P
<0.05) 0 A4 3 R KPR B B AR A

RE A INRENAER, 5812 X, B0 4 #5
TR AE KA A0 4% o Horp, R mEAE
SRS 4 i A S B AE R B R L E iR
A, BT e A WMEBANOIR OB A G5
SPEHALE BAR. B, A B L8R L ER
AHE B A AL A E TARIEAERA T

80 i 80 kmmpen
Amphidinium hoefleri Karenia mikinitoi
60
40 F
40
20+
=3 20 i
B
P
=x
X 2 0 L L L L L 1 0 L L : . !
3 0 2 4 6 8 10 12 0 2 4 6 8 10 12
~
A
25 000 ammsw 60r  memu ik
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=
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0 1
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0 1
0 2 4 6 8 10 12

BEFEINE/d culture time
B xR O e, A 7.0 7. 0540 & TR, K4

M control J petrolcum cther phas dcthyl acctate phasc

An-butancl phasc @ distilled water phasc

H6 FREXFHITHREES BYX 4 HFBRHEE KRN
Fig.6 Effects of extracts prepared from the methanol extracts of P. yezeensis dry powder using
different organic solvent on the growth of the four species of red tide microalgae

*2
Tab. 2

FUMEFEFRRERE S B3 4 MEBRIE LM S
The growth inhibition of extracts prepared from the methanol extracts of P. yezoensis dry power

using different organic solvent for the four species of red tide microalgae

ot AR HMBPER(%) growth inhibition
four kind of Hi 3R MR R AR b SER AT 3
fractionaction Amphidinium hoefleri Karenia mikimitoi Skelstonema costatum  Alexandrium tamarense
T B petroleum ether phase 64.9 60. 4 69.7 48.8
2.8 7. M348 ethyl acetate phase 54.3 55.8 53.4 44.2
ET ## n-butanol phase 3.3 34.8 30.2 25.6
7k 4f distilled water phase 22.8 25.5 23.2 20.9

HERPEARN 3 T EENTINE.
Notes: Each data is the mean of three replicates.
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3 Wit

H A, RS R R MR T
¥ E. B, 7 o MR ( Graciluralem
anetformis ) % B 6% 15 B % ( Chaetoceros curviselus )
FHEARER S 3 ( Scrippsiella trochoidea ) )2 1 3015
SR, XSS R B 2.5 o/ L AKVEHEMRW
AN @D R 2 MMM A K., FLOBS"
W, YRR A 16 g/L i, FKE 1R
B FH R T RAT Ay RENERAHEN
MEEM. EXRE™ R M,0.3 ~0.7 g/L
T B &3S ( Enteromorpha clathrata) 7K 51
4% % B8 2 30 ) = 1 38 48 ¥ ( Phaeodactylum.
tricornutum) A IC . IRPTR BN, AFEFR &
BHMERIAR, A3, FREEEIEAREEH
PEWH T 16 g/L I TR B BA W B BEAR
.

Bt L, A ) R B TR AR R
U ER R EAR, REERKE
eRiHEBUEIROE: Si1P 9a Ko 3: 5kt ik itk
RRREN, TN eh R AR MRS T 5 L O R
HEMES. RITAAXSENNARSHE
Ko BIABERK RHLEE N R T IE, T e,
H IR ISR B — T AR AR AR B 40 O, T R i A
WA R AN LA™ L
KIS MR 3 — 2 IBAE R A5, B,
R SR MM ER B T EMN XA
SRR A AR MR B, Kakisawa
2 U o 4 Y 0 Cladosiphon okamuranus BEF=4
—M A A RUEA N ERE MR EM
B IR . AT 5 PRk S BT a4 MO 5 B ¥
TR M 1 T, T A B R AR 4 E ) PR B A 4
AR MSh, i R B ARBE RS K R
TR BEAK RIEFAE KB 2RI A,
TEHEBEMELR f T E BRI T RLH
7851

WA AR F R R R R, R
TIERAATLE AN S HEMEY R, EEE
YIALBAERBITSE S, 8 T MEY B RE L
PBOZABRYIE , RAIG OB REN HE 2
FrR™ 3R A, Tin B A A4 PSRRI
BRI RS RIS, ¥ T,
FCR R EE A 2R 2R A A s

5 FERI B AT Th, WURAE R Ml
R R K 2 RH,5 FhEE R4 B b
ERBUIRT 4 Fif S IRR e RAT SR R B9 40 R 45 o
DR, FEJ SE o B A4k rh v LA A PR A T AR B
BB PR

TER RN BES RS, B E LR
(Arundo donaz L. ) B ALY R S HUH) RE {0 88 40
S B T R L B R A A B, R
Tt R B BRI B B L AE 3, Pl B 45
WAMNEIEG LKA 3 Mol RN,
BEAR Mt B 25 3R 2 R A A A R B AR F B R
(1 FE4) . WHEIA, SMRIF 5T EOEM A
BN, (1) B4 M A T sh B R P4
FETREAR ; (2) WA T BRI LI T R A A
R, L RIER MR AT (3) 4 i
BB SHRMINE THREEE R RR, &
FEEABEASSBBERE™ . BFAL
RHTHRER, WEFFFE— LRI
AP E R U 20 108 AL AN D) Y PSP N 2
TR WLEE 21 P AE BB B B T 4 RSk
WIBEHAED . Nagayama %' bR A A 2E
RBLY - M SR B AR BE R 76 R UM R i I
25BN V) BRI T Y. By L K 8 45 Al T ik e A i
MEslfE 1o

[l , JAT1 % B HP B U R (X BB 3 4
TR, T EL 3 FE 4 300 o SR AR M o M R R T
HEARMERSFEE BB RS R (ES5). H
i, ZE Rl AR K A 75 R G RE R PLEL BT 9T
Hr, BRSO YL R R BRI M I SRR
HE OEMNELE AR RS AR R R, R
FEESERA B B IR R 75t R A7 X B AR AT AL
A T IT

BRI R o B A X B R Bt — 2
5B AR il BEAR AN 28R 2. B A AR B 3 I
ROTAEE K R e B S 550 I L R A il &
FERVER, G LPTIR, AT S A )
AR B BB EIR I — BT
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The growth inhibition of the four species of red tide microalgae by
the extracts from Porphyra yezoensis

SUN Ying-ying', LIU Xiao-xiao', YAN Bin-lun'*, WANG Chang-hai*"*
(1. Jiangsu Key Laboratory of Marine Biotechnology, Huaihai Institute of Technology, Lianyungang 222005, China:
2. School of Ocean, Yantai University, Yantai 264005, China,
3. School of Environmenial and Biclogical Science and Technology , Dalian University of Technology, Dalian 116024, China)

Abstract; A kind of aqueous extracts of Porphyra yezvensis was extracted with distilled water, and its
inhibitory activity against four species of red tide microalgae, Amphidinium hoefleri, Karenia mikimiiot,
Skeletonema costatum and Alexandrium tamarense was tested. The extracts were extracted with five solvents
( methanol, acetone, ethyl acetate, chloroform and petroleum ether) | respectively, to probe their inhibitory
effects on the growth of those microalgae. Based on the observation of microalgal morphology and density,
cell size and the contents of some key physiological indicators { chlorophyll, proteins and polysaccharides) ,
the inhibitory effect of the solvent extract that had strongest inhibition on all tested microalgae was
investigated. Thereafter, the exfracts mentioned above were separated again with petroleum ether phase,
ethyl acetate phase, n-butanol phase and distilled water phase by the method of liquid-liquid fractionaction.
The results showed that the growth of the four microalgae was significantly inhibited by the aqueous extracts
of P. wezoensis at the concentration of 16 g/L. The inhibitory effect of the aqueous extracts of P, yezoensis
for A. hoefleri and K. mikimitor was stronger than that for A. temarense and S. costatum. The methanol
extracts of P. yezoensis dry powder had the strongest effect, and at the concentration of 16 g/L its growth
inhibitory effect on A. hoefleri, K. mikimitoi, A. tamarense and S. costatum was 70.5% , 79.9% , 67. 1% and
65.1% on day 12, respectively. At the same time, the cell size and athletic ability of the cells decreased,
and cavities, pieces and pigment faded in cells were caused. The further investigation found that under the
effect of the methanol extracts the contents of chlorophyll, proteins and polysaccharides in the cells of those
microalgae significantly decreased. The methanol extracts were partitioned to petroleum ether phase, ethyl
acetate phase, n-butanol phase and distilled water phase by liquid-liquid fractionaction, among which those
extracted with petroleum ether and ethyl acetate had the strongest effect.

Key words: Porphyra yezoensis; red tide microalgae; growth inhibition
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